Diagnosis of intestinal parasitic infections is routinely based on microscopy. Preparation of stool samples for microscopy performed by the direct wet mount method or the concentration methods (sedimentation and flotation). Sensitivity of the direct wet mount method was shown to be low [7] but, this method is still used in low and middle income countries.
The concentration technique has become a routine procedure in the ova and parasite examination and allows the detection of small numbers of organisms that may be missed by using only a direct wet mount [1] . The aims of this study were to determine the prevalence and distribution of intestinal parasitic infections among school students, and to compare between the wet mount method and the formalin-ethyl acetate concentration method in detecting intestinal parasites.
Materials and Methods

Area of study, population and sample collection
The study was conducted in Malakal area, upper Nile state in South Sudan during the period from August-November 2010. The state has an area of 77,773 km 2 and an estimated population of approximately 1,400,000.
Malakal School was located in Malakal city that is the capital of the state. The total number of the students in the Malakal school was 450 including 236 boys and 214 girls, with age range 7-22 years. The number of students studying in primary (7-15 years) and secondary (16- 
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Introduction
Human intestinal parasites including helminths and protozoa are major causative agents of human diseases in most of the tropical countries. Helminths such as Ascaris lumbricoides [1] , Hymenolepis nana [2] and Trichuris trichiura [3] infect billions of people, especially children, where protein energy malnutrition and anaemia are also prevalent, in addition access to medical care and educational opportunities are often limited.
Amoebiasis caused by protozoan Entamoeba histolytica in
Parasites identification and methods of examination
The stool samples were prepared by the wet direct mount and the formalin-ethyl acetate concentration methods. Saline and iodine wet mounts of fresh unpreserved-and concentrated stool samples were examined microscopically for demonstrating trophozoites and cysts of protozoa and ova or larvae of helminths [1] . All the mounted area of each slide was screened by three well trained technologists before reporting negative results. Identification of parasites was based on microscopic morphology of the helminthic eggs/ larvae and protozoic trophozoites/ cysts. The microscopic morphology of the parasites was then compared with those in standard texts, literature and micrographs according to Centers of Disease Control and Prevention (CDC) standard methods for diagnosis of intestinal parasites [1] .
Ethical considerations
The study protocol was reviewed and approved by the International Review Board (IRB 00008867) of the Sudan Medical and Scientific Research Institute (SUMASRI), University of Medical Sciences and Technology, Khartoum, Sudan. Written informed consent was obtained from all participants and mothers/ caretakers of children under 18 years old who participated in the study after explaining the purpose and objective of the study. 
Statistical analyses
Results
A total of 450 students consisted of 236 (52%) male and 214 (48%) female, with age range 7-22 years. The number of students studying in primary (7-15 year) and secondary (16-22 year) levels were 200 (44%) and 250 (56%) respectively. The study aimed to estimate the prevalence and distribution of intestinal parasitic infections among school students utilizing the direct wet method and formalin-ethyl acetate concentration method.
Prevalence of detected parasites by direct wet mount method
Out of 450 students, 73 (16.2%) were positive for parasites by the direct method. Giardia intestinalis, Entamoeba coli, Entamoeba histolytica/ E. dispar, Hymenolepis nana, Ascaris lumbricoides, Schistosoma mansoni and Trichuris trichiura were observed in 4.7%,3.1%, 1.6%, 3.3%, 0.7% , 0.7%and 0. 2% samples, respectively (Table 1) .
Difference in number between protozoic and helminthic infections by this method was significant by χ 2 test (p < 0.001). Table 1 ). The overall prevalence of alone protozoicand helminthic infections by concentration method were 10% and 5% and that of multiple protozoic or protozoic/ helminthic infections were 2% and 1%. Comparison between number of protozoic and helminthic infections estimated by direct wet mount or formalin-ethyl acetate concentration method was very highly significant by χ 2 test (p < 0.00001). However, both methods showed that the most predominant protozoic-and helminthic parasites in this study were G. intestinalis (Figure 1 ) and H. nana (Figure 2 ), respectively. 
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Distribution of intestinal parasitic infections according age and gender
Both direct wet mount and formalin-ethyl acetate concentration methods found that number of infected students decreased according to increased age, and the concentration method detected more infections in both age groups than the wet mount one (Table 2) . Using the direct wet mount method, the frequency was 19% (47/ 248) in 7-15 years group, which decreased to 13% (26/ 202) in 16-22 years group. The concentration method found that the frequency was 22% (54/ 284) in 7-15 years group, which decreased to 15% (30/ 202) in 16-22 years group (Table 2) . By the direct wet mount method, the frequency was 18% (42/ 236) in male group, which decreased to 14% (31/ 214) in female group. The concentration method found that the frequency was 20% (47/ 236) in male group, which decreased to 17% (37/ 214) in female group. Both direct and concentration method demonstrated significant differences in number of infected students between each age group and each gender group, p of χ 2 were less than 0.0001 (Table 2) .
Moreover, comparison between concentration method and direct mount in detection of intestinal parasitic infections in same age group and same gender group showed that the concentration method found higher frequencies in 7-15 years group and in male group compared to the direct wet mount, p of χ 2 were less than 0.0001 (Table 2) .
Generally, the formalin-ethyl acetate concentration method detected 84 positive samples compared to the direct mount method that detected only 73 positive samples indicating that the concentration method detected 11 positive samples more increasing the detection with 15% (11/ 73x100).
Discussion
Our current study conducted among 450 students at Malakal School in South Sudan found that the prevalence of parasitic infections was 18.6% and the detected parasites were G. intestinalis, H. nana, E. coli, E. histolytica/E. dispar, A. lumbricoides, S. mansoni and T. trichiura. The most frequently identified parasites in our study were G. intestinalis followed by H. nana. Karrar 1995 and Mamoun 2009 [8,9] in Sudan detected as our study G. intestinalis as a predominant parasite and other parasites E. histolytica/E. dispar, H. nana and T. trichiura showed lower frequencies than our result [8, 9] . However, in South Sudan E. coli and E. histolytica were the predominant protozoa and hookworms were the predominant helminths [10] . Despite that we detected S. mansoni in both methods used in our study we could not find eggs of hookworms, since methods to detect parasite eggs or larvae in stool samples lack high sensitivity, particularly when infection intensities are low. The most widely used method for the diagnosis of S. mansoni, hookworm, roundworm and whipworm in epidemiological surveys is the Kato-Katz technique. Recently, the FLOTAC technique has shown a higher sensitivity than the Kato-Katz method for the diagnosis of hookworm, roundworm and whipworm (11) .
In Dohuk city northern Iraq, the frequency of G. intestinalis infection was 38.5% [12] . In Sherborn town and nearby villages in Egypt, the most frequently protozoa were E. histolytica/E. dispar and G. intestinalis and the most prevalent helminths were H. nana and E. vermicularis [13] . In Ethiopia, the most predominant parasites were helminths; A. lumbricoides, S. mansoni, hookworms, H. nana, E. vermicularis and Strongyloides stercoralis compared to protozoa; G. intestinalis and E. histolytica/ dispar [14] .
In our study, the most predominant parasites were protozoa followed by helminths as demonstrated by both wet mount and concentration methods. However, comparison between number of protozoan and helminthic infections estimated by the direct method or the concentration method was very highly significant by χ 2 test (p < 0.00001). Moreover, both examination methods demonstrated a significant difference in number of infected students between age groups and gender groups as well (p of χ 2 was < 0.0001). However, the more infected groups were the males and the most infected group from the males was the 7-15 year group. These findings were similar to studies conducted in Turkey and in Sudan [9] . This gender and age group might be more exposed to possible risk factors of infection with soil transmitted helminths especially in regions having low economic and hygienic levels and bad habits of eating fruits without proper washing.
Multiple parasitic infections were not reported by the previous studies [8, 9] . Our study reported that helminths-protozoa multiple infections as H. nana and G. intestinalis or H. nana and E. coli were found but not helminths-helminths infections. AlSaeed found that 70 of 486 infected samples showed double or triple infections since G. intestinalis was combined with H. nana, Blastocystis hominis, E. histolytica/E. dispar and Iodamoeba butschilii [12] . Moreover, multiple helminths-helminths or helminths-protozoa or protozoa-protozoa infections were reported by Abate et al., 2013 [14] .
The wet mount method is widely used in Sudan. A previous study conducted by Mamoun et al., 2009 [9] in Sudan found a significant difference between stool examination by the direct wet mount preparation and the formalin-ethyl concentration in all samples from children in a rural area [9] .Our result demonstrated that the formalin-ethyl acetate concentration method detected 84 positive samples compared to the direct mount method that detected only 73 positive samples indicating that the concentration method detected 11 positive samples more, which increased the detection with 15% (11/ 73x100). In routine detection of parasites, microscopy is the standard method having high specificity and sensitivity especially detection of blood parasites (malaria), urinary tract parasites and intestinal parasites. Microscopy has less limitations regarding differentiation between Entamoeba species named E. histolytica and E. dispar and cannot differentiate between Cryptosporidium species. Nowadays, molecular biological methods such as Polymerase Chain Reaction (PCR) will differentiate between these species. However, these methodologies are expensive and not present in poor areas around the world. Depending on morphology of the parasites, microscopy is able to rapidly identify all phases of the different parasites found in the same sample (including cysts, trophozoites, ova and larvae) but PCR identifies just one parasite because of limitation of the [15] cannot detect more than four microorganisms of the diarrheal protozoa. More recently, direct smear was shown to have a sensitivity of 61% compared to formal ether concentration (92%) and Kato Katz (60%) for the detection of a variety of parasites including protozoa [7] .
Our study, conducted among 450 students in Malakal School in South Sudan found that the prevalence of parasitic infection was 18.6%. This high prevalence of parasitic infections in the unstable area and the threat of cholera and other waterborne diseases [16] warrant urgent international support to build South Sudan.
Conclusion
G. intestinalis and H. nana are the most predominant parasites observed in school children in Malakal city. Formalin-ethyl acetate concentration method is recommended for the diagnosis of intestinal parasites.
